Abstract. Radiative decay parameters (oscillator strengths, transition probabilities) for spectral lines in doubly ionized rubidium (Rb III) are reported for the first time. They have been obtained using a pseudorelativistic Hartree-Fock (HFR) model including a large amount of intravalence correlation as well as corepolarization effects. The spectroscopic data listed in the present paper cover a wide range of wavelengths from extreme ultraviolet to near infrared.
Introduction
Notably because of their great interest in stellar nucleosynthesis, the atomic structures characterizing the first three spectra of the fifth row elements, from rubidium (Z = 37) to xenon (Z = 54), have been the subject of many experimental and theoretical investigations over the past few years. However, there still remains some ions for which no radiative data have been published so far. If we consider the doubly ionized species for example, according to the National Institute of Standards and Technology (NIST) bibliographic database [1] , it appears that transition rates are completely missing in the literature for six ions, i.e. Rb III, Sr III, Mo III, Tc III, I III and Xe III. In order to partly fill in this gap, the present paper focuses on the particular case of Rb III for which we report transition probabilities and oscillator strengths calculated using a pseudo-relativistic Hartree-Fock (HFR) model including a large amount of electron correlation as well as core-polarization effects.
Doubly ionized rubidium (Rb III) is the third member of the bromine (Br I) isoelectronic sequence with the ground configuration 4s 2 4p 5 consisting in the fundamental level 2 P
• 3/2 and the first excited level 2 P
• 1/2 . The excited configurations are of the type 4s4p 6 and 4s 2 4p 4 nl (nl = 4d, 5s, 5p, 6s, 5d, . . .). Reliable radiative data in this ion are particularly needed for stellar spectra observations, the astrophysical importance of rubidium having been underlined in many previous papers, such as those recently published in the context of spectroscopic observations of interstellar medium [2] , intermediate-mass asymptotic giant branch stars [3] or globular clusters [4] .
The present work can be seen as an extension of our recent investigations of the fifth row elements Y II, Y III [5] , a e-mail: pascal.quinet@umons.ac.be Zr II [6] , Nb I [7] , Nb II, Nb III [8] , Mo II [9] [10] [11] , Tc II [12] , Ru I [13] , Ru II, Ru III [14] , Rh II [15, 16] , Rh III [17] , Pd I [18] , Pd III [17] , Ag II [19, 20] , Ag III [17] , Sn I [21] [22] [23] , Sb I [24] , Te II and Te III [25] .
The Rb III spectrum
In 2006, Sansonetti [26] published a comprehensive compilation of wavelengths, energy levels and transition probabilities for the spectra of rubidium atom and ions from Rb I to Rb XXXVII. For this compilation, the literature for each ionization stage of rubidium has been reviewed, and lists of the most accurate wavelengths and energy levels have been assembled. In the case of Rb III, 232 observed spectral lines were reported between 465 and 4677Å while 91 experimental energy levels belonging to the 4s 2 4p 5 , 4s4p 6 2 4p 4 5d configurations were listed. These data were based on previous works due to Tomboulian [27] , Reader and Epstein [28] , Hansen et al. [29] and Reader [30] . More precisely, the Rb III spectrum was first observed by Tomboulian [27] who measured the wavelengths between 250 and 2500Å, found the 4p 5 2 P • interval, and identified 15 excited levels. More than thirty years later, the region 400-820Å was investigated by Reader and Epstein [28] [28] . These observations were then extended by Reader [30] to include a few more lines in the 1480-2660 and 4400-4700Å 
Atomic structure calculations
The computational procedure that we have used for calculating the atomic structure and radiative parameters in Rb III is the pseudo-relativistic Hartree-Fock (HFR) method originally described by Cowan [31] and modified to take core-polarization effects (CPOL) into account giving rise to the HFR + CPOL approach (see e.g. Refs. [32, 33] ). In this technique, intravalence correlation effects are considered by means of explicit introduction of interacting configurations in the physical model while core-valence contributions are estimated by using a core-polarization potential and a correction to the dipole operator depending on two parameters, i.e. the dipole polarizability of the ionic core, α d , and the cut-off radius, r c , which can be seen as a measure of the size of the ionic core. In our calculations, configuration interaction was explicitly retained among the following 15 odd-parity and 13 even-parity configurations: Ni (Cu + )-like Rb X ionic core. This value was taken from the work of Johnson et al. [34] who published theoretical values of electric-dipole, electric-quadrupole and magnetic-dipole susceptibilities (polarizabilities) calculated in the relativistic random-phase approximation (RRPA) for closed shell ions of He, Ne, Ar, Ni (Cu + ), Kr, Pb and Xe isoelectronic sequences. The cut-off radius, r c , was chosen equal to 0.52 a.u. which corresponds to the HFR average value r for the outermost 3d core orbital.
In order to minimize the discrepancies between experimental and computed energy levels, the radial parameters were adjusted using a well established leastsquares optimization program [31] . The data required for the fitting procedure were taken from the compilation of Sansonetti [26] . More precisely, in the odd parity, the 23 known experimental energy level values were used to adjust all the radial parameters (average energies, E av , Slater integrals, The numerical values of the parameters adopted in the present calculations are reported in Tables 1 and 2 for odd and even parities, respectively. Note that all the F k , G k and R k integrals, not optimized in our fitting process, were scaled down by a factor of 0.90 as suggested by Cowan [31] . The computed energies, Landé g-factors and the main eigenvector components are reported in Tables 3  and 4 for each level belonging to 4p 5 , 4p 4 5p odd-parity and 4s4p
6 , 4p 4 4d, 4p 4 5d, 4p 4 5s, 4p 4 6s even-parity configurations, respectively. When comparing our results to the available experimental energy levels (also listed in Tabs. 3 and 4), the mean deviations were found to be 25 cm −1 , for the odd parity, and 111 cm −1 , for the even parity.
LS-coupling compositions were chosen for all the configurations considered in our work, the average purities obtained using this particular coupling scheme being found 4 6s. Energy levels were also classified using LS-coupling designations in Sansonetti's compilation [26] except for members of the 4p 4 5s and 4p 4 5p configurations which were given in J 1 j coupling and pair-coupling, respectively. It is interesting to note here that these latter couplings do not appear substantially better than the LS-coupling, the average purities being found to be equal to 65% in J 1 j coupling for 4p 4 5s and 76% in pair-coupling for 4p 4 5p, which is similar to the average LS purities obtained in our work for the same configurations, i.e. 67% and 72%, respectively.
Computed oscillator strengths and transition probabilities
The theoretical weighted oscillator strengths in the logarithmic scale, log gf , and weighted transition probabilities, gA, computed in the present work are reported in Table 5 for 538 Rb III lines alongside the numerical values of the lower and upper energy levels of the transitions and the corresponding wavelengths inÅ. Only transitions for which log gf -values are greater than -2 are listed in the table. It was indeed found that most of transitions with log gf < −2 were affected by cancellation effects. As a reminder, in order to calculate gA or gf for a transition between the atomic states γJ and γ'J', we have to compute the value of the line strength
or that of its square root
where P (1) is the electric dipole operator. Because of intermediate coupling and configuration interaction mixing, the wavefunctions are expanded in terms of basis functions:
We may then write (2) in the form
This sum thus represents a mixing of amplitudes rather than line strengths themselves with the consequence that the effect of mixing is not necessarily a tendency to average out the various line strengths. There are frequently destructive interference effects that cause a weak line to become still weaker. In this context, the cancellation factor is given by:
According to Cowan [31] , very small values of this factor (typically when CF is smaller than about 0.05) indicate that the corresponding transition rates may be expected to show large percentage errors. In Figure 1 , CF -factors are plotted as a function of log gf for all Rb III transitions. As seen from this figure, it is clear that most of lines with log gf smaller than -2 are affected by very small values of CF indicating that the corresponding decay rates could be unreliable. On the contrary, most of the transitions listed in Table 5 , in particular those with log gf > −1, do not appear to be affected by cancellation effects. It was found that core-polarization effects considered in our physical model, by assuming a Rb X ionic core of 28 electrons occupying closed shells up to 3d surrounded by 7 valence electrons, have an influence of the order of a few percent (within 15%) on the final oscillator strengths. It was also verified that our computed transition rates are very little sensitive to small changes of core-polarization parameters used in the model potential. As an example, when using the value published in [35] for the dipole polarizabilty of Rb X, i.e. α d = 0.13 a.u., instead of the one taken from [34] and adopted in the present work (α d = 0.1576 a.u.), all the calculated gA-and gf -values were found to be modified by less than 1%.
Unfortunately, no experimental neither previous theoretical radiative rates in Rb III are available for comparison. Nevertheless, an argument for estimating the reliability of the present results can be obtained from many of our recent works related to lowly charged ions of the same group in which a similar computational strategy was developed and compared to experimental data . In these investigations, HFR + CPOL calculations were found to be in excellent agreement (within a few percent) with accurate lifetimes measured using the timeresolved laser-induced fluorescence (TR-LIF) technique. Consequently, uncertainties of the order of 10-20% are probably to be expected for the transition rates quoted in Table 5 , at least for the most intense lines. However, laboratory measurements of accurate radiative lifetimes and branching fractions in Rb III would be welcome to definitely assess the accuracy of the theoretical results obtained in the present work. 
